Weaning of swine from a milk diet to a grain diet (lower fat and protein) yielded a decrease in the epinephrine-stimulated maximal lipolytic rate as well as the sensitivity to epinephrine in adipose tissue slices. The dietary influence was not solely the caloric or fat content of the diet since a similar lard-fortified diet with caloric and fat content similar to the milk yielded maximal lipolytic rates and epinephrine sensitivities that were intermediate between the milk diet and the grain diet. 3 Soweena| is a sow milk replacer manufactured by Foremost Foods Company, San Francisco, California. It contains dried skimmed milk, partially demineralized whey, vegetable oil preserved with BHT, sodium caseinate, lecithin, and vitamin and mineral supplements. The manufacturer will not reveal the percent of the various components. The manufacturer's guaranteed analysis is: crude protein, not less than 25.0%; crude fat, not less than 10.0%; crude fiber (none); lactose, not less than 50.0%; neomycin (base) 200g/ ton; Vitamin A, not less than 25,000 USP units/lb; Vitamin D~, not less than 2,500 USP units/lb; Vitamin E, not less than 50 IU units/lb; and riboflavin, not less than 24 mg/lb. Our analysis was 25% protein, 10% fat, and 4.5 kcal energy per kilogram.
INTRODUCTION
The lipolytic activity of adipose tissue slices obtained from 45-day-old swine was stimulated by several catecholamines (Mersmann et al., 1974) . The responsiveness of the tissue to epinephrine (Epi) decreased as the animals increased in age from 25 days postpartum, i.e., the maximal lipolytic rate decreased and the concentration of the hormone needed to achieve the maximum increased 1975) . Since the 25-day animals were unweaned and older animals weaned, the observed decrease in lipolytic activity and sensitivity to Epi could be the result of any or all of the following: the dietary change at weaning, the physiological stress of weaning, the increased chronological age, or the increased size of the pigs. The present experiments were designed to test the effect of weaning on the lipolytic response.
MATERIALS AND METHODS
Five crossbred sows (Yorkshire, Hampshire, Duroc) were farrowed and the pigs allowed to suckle for 5 days after which the sow was removed from the pen and the pigs were fed a milk replacer (Soweena| 3 ad libitum from open pans (80 g Soweena| powder plus 500 ml of water). From 12 to 19 days postpartum the pigs also had access to dry powdered milk (Soweena| in feeders. At 19 days Postpartum each litter (balancing sex and weight) was distributed (three pigs per diet from each litter) into three dietary groups: liquid plus dry powdered milk (M) ; a commercial starter ration of low fat content (LF) 4 ; and the same ration supplemented with 10% lard (HF). The HF and LF diets were offered in open pans as a thoroughly moistened gruel and in dry form in feeders; all diets and water were offered ad libitum. All animals fed a given diet were group-fed in a common pen and, consequently, no feed intake was measured.
After about 2 weeks on the diets (32 to 36 1048 JOURNAL OF ANIMAL SCIENCE, Vol. 41, No. 4, 1975 Weight in kg is indicated as mean +-SE. The dietary groups indicated are: milk (M), weaned at day 19 to a corn-soy diet low in fat (LF), and weaned at day 19 to a diet similar to LF but supplemented with 10% lard (HF). days postpartum), the three pigs from each litter, on each diet, were sacrificed by a cephalic blow coupled with exsanguination. Backfat was removed and sliced, and an equally weighted, pooled sample of slices from the three littermates on the respective diet was obtained. The slices (200 mg) were incubated for 2 hr with shaking at 37 ~ under 95% 02 to 5% CO2 in a Krebs-Ringer-bicarbonate type buffer fortified with glucose, albumin treated to remove fatty acids, ascorbate, and the appropriate concentration of Epi (as indicated in figure 2 ). At the termination of incubation, the medium was analyzed for fatty acids (FA) using a titration method and glycerol (Glyc) using an enzymatic method. Details of the methodology and optimization of the incubation system for swine tissue were previously described (Mersmann et al., 1974) .
For each set of responses to Epi by the pooled tissue from littermates, a probit by log dose-response curve was estimated using least squares for the FA and Glyc release data. This resulted in estimates of the basal (no exogenous hormone) and maximal lipolytic rates of response and the EDs0 (dose of Epi required to achieve 50% of the maximal response) of the response. (In contrast to the estimates of descriptive parameters for each dose-response curve, figure 2 comprises a composite doseresponse curve with SE for the entire study.) For each variable discussed, the data after a logrithmic transformation were statistically analyzed by a two-way analysis of variance considering the factors, litter and diet.
RESULTS
The average weight of the pigs in the three dietary groups is indicated in figure 1. The weight gains at day 29 compared to day 19 were M > LF = HF (P<.05), and at slaughter compared to day 19 were M > LF > HF (P<.05). The simulated weaning stress was probably a contributing factor to the lesser growth in animals fed the LF and HF diets since during the last week of the experiment these animals had increased rates of gain although not as great as those fed the M diet. The lesser growth achieved with the HF compared to the LF diet (caloric content HF > LF) is a reflection of the inability of young pigs to effectively utilize many types of dietary fat (Frobish et al., 1969 (Frobish et al., , 1970 .
Log dose-response curves composited across all litters for the three diets as measured by the release of FA are indicated in figure 2. The Glyc release data, although not presented, were similar. Composite dose-response curves may be misleading since animal variation in maximal response and EDs0 can bias the shape and position of the curves. As expected, analysis of individual dose-response curves indicated significant litter effects in regard to the maximal response as measured by FA release. There CThe basal and maximal response is indicated as #moles of FA of Glyc released per 90 rain per 200 mg tissue. The ED s o is indicated as the ~M concentration of Epi needed to achieve 50% of the maximal response.
were no significant effects of diet on the basal response measured either by Glyc or FA release (table 1). Animals fed the M diet had a greater maximal response as measured by FA release than those fed the LF or HF diets; and although not significant, the same trend was apparent when Glyc release was measured. The EDs0 obtained with the M group was less than that obtained with the LF group, whereas the HF group yielded essentially intermediate values.
Correlations, both simple and adjusted for diet and litter effects, are shown in table 2. There was a high degree of correlation between the maximal response as measured by FA release and that measured by Glyc release. Likewise, the two methods (FA and Glyc release) were highly correlated for EDs0 measurements. The maximal response correlations were not eliminated when adjusted for diet and litter effects, whereas the EDs0 correlations appeared to be eliminated' although the correlation remained distinctly positive The negative correlation between the maximal response and the ED50 was eliminated by adjustment for diet and litter. Marginal correlations (P<.10) of the weight at slaughter with the maximal response (as measured by FA release) and ED50 were observed; these probably reflect mostly the contribution of the large animals on the M diet and the greater maximal response and lesser EDs0 of this group. Both correlations were eliminated by adjustment for diet and litter.
Discussion
The maximal lipolytic response of swine adipose tissue as well as the sensitivity to Epi markedly decreased between postnatal day 25 aAbbreviations are: maximal fatty acid release -FMx, maximal glycerol release -GMx, ED 50 from fatty acid or glycerol release data --FSO and GSO, respectively, (data converted to log function before analysis) and weight at slaughter -WS.
bcorrelation is significant at P<.05 if Irl>.51.
Ccorrelation is significant at P<.05 if hrt>.63. and day 70 (Mersmann et al., 1975) . Thig decrease in lipolysis was probably not the result of increased age since the present study indicates a decreased lipolytic response in the LF compared to the M fed littermates studied at the same age. Also, the decreased lipolytie response was probably not the result of increased size since in the present study the M fed animals were the heaviest yet they were the most responsive to Epi stimulation. The weaning process and/or its consequent dietary changes appear to be the cause of the decreased sensitivity of the lipolytic response.
The physiological stress of the ration change associated with the simulated weaning may contribute to the lesser growth as well as to the decreased lipolytic response in the HF and LF groups even though the suckling mode of feeding was eliminated for all groups several weeks prior to the simulated weaning at day 19. The animals on the M diet continued to eat the same ration, whereas the LF and HF groups were fed diets differing not only in quality but in physical consistency~
The M and LF diets differed in the amount of protein, fat, and energy; whereas the M and HF diets differed in the amount of protein and the LF and HF diets differed in fat content. Since the lipolytic response of the HF and LF groups was somewhat similar, it does not appear that the fat concentration of the diet was the dietary constituent regulating the response. The large difference in lipolytic response between the M group and the LF or HF groups may result from the greater protein concentration of the M diet compared to the other diets. However, the exact dietary causative agent cannot be ascertained since the diets in the current study not only were quantitatively different but contained different amino acids (major protein source as whey or corn), different fatty acids (major fat source as corn oil or lard), and different monosacchardies (major carbohydrate source as lactose or starch). In rodent adipose tissue the quantitative and qualitative contributions of the various major dietary constituents, i.e., the amount of protein, carbohydrate, or fat, the ratio of one to another and their source all have been shown to profoundly influence lipid metabolism (Cohen et al., 1972; Stark and Frenkel, 1974; Bruckdorter et al., 1972; Century, 1972) . The lipogenic capacity of swine adipose tissue may be influenced by the quantity of dietary fat as well as the type of fat indicating the potential for dietary manipulation of swine lipid metabolism (A/lee et al., 1972) . In addition, the protein source may influence the utilization of dietary fat in young pigs (Frobish et al., 1970) implying complex interactions between dietary protein and fat beginning at the level of digestibility and extending to the cellular level.
Adipocytes from rats fed a high-fat diet compared to those fed a high-Carbohydrate diet had a decreased lipolytic response to norepinephrine (Smith et al., 1974) anti to epinephrine or glucagon with no effect ~n the basal response (Gorman et al., 1973) . In these studies the lipolytic effects could not be attributed to cell size changes, although Gorman et al. (1972) using fat pads from fat-fed rats found that the decreased lipolytic response to epinephrine and glucagon was associated with an increase in cell size.
Although cell size and ntimber were not measured in the current experiments, the animals on the M diet weighed the most and consequently would be expected to have the largest adipocytes. Extrapolati0h of data obtained in rats regarding the influence of cell size and/or fat-feeding on lipolytic activity to the pig would predict that animal~ on the M diet would be the least sensitive tO Epi, i.e., they were fed a high fat diet and since they were the heaviest they probably had the largest adipocytes. In fact, the reverse is ti-ue indicating the impropriety of inter-species extrapolation of metabolic data.
The elucidation of the flietary cause(s) of ~hanges in the lipolytic response in swine must await studies using individually caged pigs to measure feed intake and tsocaloric diets containing the same protein, fiiL and carbohydrate source varied independently of the others and most probably, pair-fed gtudies because of variable intake yielding animals of different size and consequently of varying adipocyte size. The decreased lipolytic response resulting from Weaning presumably contributes to the stress On the animal at this time since the ability to mobilize a valuable energy source, i.e., fatty acid, would be impaired. Fatty acid synthesis activity in the liver and
